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Abstract 
This paper presents a humanitarian engineering project in Denver, Colorado’s Westwood community. This project was a 
collaboration with Metropolitan State University of Denver, the Mortenson Center in Engineering for Developing Communities 
at the University of Colorado Boulder and the non-profit community group ReVision International. This paper discusses the 
implementation of a helpful technology solution for the community that could alleviate an identified problem common for 
households in Westwood.  This paper presents the project through all the steps: community appraisal, analysis, problem 
identification, strategy planning, implementation and a plan for monitoring and evaluation. The community analysis  identified  
the financial burden of high energy bills on the residents of the community as a pervasive problem that could be alleviated with a 
simple design, the solar furnace, a box built using recycled aluminum cans, plywood and acrylic plastic that heats the house 
through the conversion of solar energy into warm air. 
  
To demonstrate the technology, students from MSU Denver constructed and tested 4  different solar furnace design units, and 
implemented a pilot test at Re:Vision’s  (a local NGO working in Westwood) office.  held a focus group with community leaders 
(“promotoras”) for discussion about the pilot unit, calculated energy and cost savings for the design, and developed a plan to 
continue the project from pilot stage to community implementation and installed 4 demonstration units on family households.  
The paper addresses the capacity and risk analysis for this design, the design itself, the implementation plan, the monitoring and 
evaluation plan which are the natural next steps in the project. 
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1. Appraisal 
The community appraisal was conducted by a team of graduate students at CU Boulder. The following 
community appraisal focuses on highlighting the findings from the primary and secondary data collection and ends 
by summarizing the main problems that this team identified in the community of Westwood. 
1.1. Operating Environment 
On the West side of Denver, Westwood neighborhood is nearly two square miles with over 15,000 people in 
4,300 homes (City-Data), and the ethnic breakdown of this community illustrates its strong Latino influence.  Eighty 
three per cent of the population is reported as Latino while 8% are Non-Latino White, 3% is African-American or 
African-Somali, 2% is Native American, and 2% is Asian/Pacific Islander (Piton Foundation).  According to 2010 
data, over 75% of the population is under the age of 45, and 36% of the population is under 18 (Piton Foundation).  
Census data from 2000 (which was the latest available at the time of this inquiry) reported that the average 
household income in Westwood was $37,961, which is much lower than the local average in Denver of $55,129.  
These numbers indicated that about 24% of the Westwood population was lives in poverty. As an urban 
neighborhood, the environment and infrastructure of Westwood are not healthy. 
1.2. Capacity and Vulnerability Analysis 
From the data collection, the capacities and vulnerabilities of Westwood were considered.  The primary 
capacities that will be important to the community project are those displayed by the partnering NGO, Re:Vision, 
and their capacity to build on sense of community in Westwood.  Re:Vision’s promatora model is a strong capacity 
and has had good success in in reaching community members in their other programs, even those of a distinct 
culture—the Somali Bantu community. It was also determined that the community and Re:Vision also have 
vulnerabilities.  Westwood is a low-income community in need of more well-paying jobs.  Residents do not have a 
lot of disposable income as seen by their need for local and affordable produce. Many residents also have limited 
education and speak limited English (including the multiple ethnicities) making them vulnerable to societal demands 
and changes.  Being aware of these vulnerabilities is important as they can greatly impact the types of projects that 
can or cannot be successful in the community. Re:Vision is also not immune to vulnerability. Their sustained 
community presence is key to success in a project like the solar furnace but they are limited by lack of funding, lack 
of grant writing and limited staff. 
With the identification of the house stock issues as a problem that could be tackled by the student team, an initial 
set of solutions was proposed that were weighted based on strengths and weaknesses. The student team addressed 
this direction through and action identification process that ranked possible solutions based on assumptions and 
actions. Ultimately the solar furnace technology outranked other potential solutions. 
 The appropriateness and accessibility of the technology was determined based on a range of factors (i.e. cost, 
available resources, maintenance, difficulty in implementing etc.). 
1.3. Focused Strategy 
After planned workshops for local residents so that they learn how to build, install, and maintain a solar air heater 
for their homes. Based on pilot data, the solar air heater is inexpensive to build (approximately $38), and has been 
shown to produce up to  170°F output temperature, so using a solar air heater would greatly alleviate monthly bills. 
Additionally, the furnace provides a source for clean heat, recirculating the air which reduces carbon monoxide 
exposure in tandem with it use as a supplement to the traditional furnace during daylight hours. In light of the 
appraisal and identified problem, a project strategy was created. This plan includes a behaviour change 
communication strategy to help integrate the technology into the community: The components of that plan involved  
meeting with the promatoras to seek community feedback on the project and make realistic adjustments, a 
community education plan and supplying demonstration models to advertise the technology. The initial community 
response was extremely positive highlighted by the promatoras branding the device “EZ Heat”. 
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1.4. Community Capacity for Solar Furnace 
In order to consider Westwood’s capacity to accept and implement the designed solar furnace, focus was placed 
on the particular service of supplemental home energy.  This allowed assessment of the community around the 
specific service of interest rather than as an entire community.  Westwood’s total capacity was evaluated for 
supplemental home energy by assessing eight types of capacity: service, institutional, human resources, technical, 
economic, energy, environmental, and social.  Figure 1 illustrates the results of this evaluation. Westwood has some 
existing capacity for supplemental home energy.  The factors were evaluated based on nine months assessment and 
data collection in the community and were each given a score between zero and five representing non-existent, low, 
medium-low, medium, medium-high, and high levels of capacity. 
 
 
Fig. 1. Capacity Analysis Diagram. 
1.5. Environmental Impact 
The environmental impact of the solar furnace was evaluated  and  considered largely positive.  The unit made 
for the pilot was constructed of a few purchased materials (such as acrylic sheet, high temperature paint, and 
caulking) and then primarily recycled materials (88 recycled aluminum cans).  Reusing aluminum cans is an 
intentional part of the design to reduce waste.  Additionally, because the units produce heat that can supplement heat 
from a home furnace through the sun’s renewable energy, this solar furnace creates energy without using any.  
While one environmental concern, as indicated by the promotoras, is that the unit is “ugly”, an aesthetic concern is 
the primary negative environmental impact. 
1.6. Overall Envisioned Community Impact 
Overall, many community benefits from this design solution are anticipated. The dashed line in Figure 1 shows 
the envisioned gained capacity for supplemental home energy in Westwood.  While larger-scale capacities such as 
service and institutional capacities may not change from this household-level project design, other capacity factors 
likely will.  For example, with the planned solar furnace training and simultaneous community building, the social, 
human resource, and technical capacities will likely improve.  The environmental capacity to use less non-renewable 
resources and to recycle more aluminum will improve as well. Those factors that may gain great capacity through 
the solar furnace project are the energy and economic capacities as the project offers an inexpensive design to create 
largely effective supplemental home energy. 
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1.7. Design Solution 
The following section outlines the solar furnace design that has been proposed to the community, is being piloted 
in Re:Vision’s office, and through loaner models being used by four households  in the community over the winter 
of 2013-2014 (discussed further below). This section shares technical drawings, construction details, thermal testing, 
and savings estimates. 
2. Technical Details 
The solar furnace is a simple yet effective device. Cool air enters the unit from the base at the influent and 
through the ventilation holes. The air is then heated by radiation heat gain and convective heat transfer through the 
aluminium cans and it travels upward through the heating lines.  These lines are made of stacked aluminium cans 
which have holes drilled through them to create an aluminium tube for the air to travel through.  The heated air then 
exits the top ventilation holes into a manifold. From here the warmed air leaves the unit through the effluent hole at 
a much higher temperature then it entered the unit.  Both the influent and effluent holes can be attached to hoses 
running from the building which will heat the indoor air.   
Figure 2 below shows the prototype solar furnace unit that was constructed by MSU Denver students.  The unit 
was assembled and then tested to assess viability. 
 
 
Fig. 2. Constructed solar furnace. 
One benefit of the solar furnace is its flexible design that allows adjustment for size and output.  While testing 
should be done to find the optimal combination of cost, savings, and heat output, the following diagrams in Figure 3 
illustrate a basic schematic that can be used for the furnace.  The height and width can vary based on the number of 
aluminum cans available, the cost of the surrounding materials, and the desired heat output. 
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Fig. 3. Approximate schematics for solar furnace. 
The materials and their respective costs for the solar furnace unit constructed by the team are shown in Table 1. 
Without including cost of equipment or labor, the pilot solar furnaces built cost $38.68.    
     Table 1. Cost of materials for solar furnace pilot unit. 
Qty Materials Cost 
144  Aluminum cans recycled 
1 Tubes of fast-drying silicon caulking $1.89 
1 Sheet of plywood $11 
3 2x6 wood   -  8ft long $11.64 
1 Shower curtain liner $2.67 
1 Nails and screws $6 
1 Matte Black high temperature spray paint $4 
1 AC fan $1.78 
 TOTAL COST: $38.68 
   
   
2.1. Thermal Analysis 
In order to justify the cost of creating a solar furnace unit, some thermal testing and analysis was done to evaluate 
the energy offset the units can provide.  The following equations show the calculations for the thermal output in 
BTUs of the solar furnace unit piloted at ReVision’s office and installed on 4 homes in Westwood. 
BTUH=1.08 x CFM X οܶ   (1) 
Where: 
BTUH = British Thermal Units per Sensible Hour 
CFM = Cubic Feet per Minute 
ΔT = Temperature difference between inlet and exhaust temperatures 
Derivation of the constant (1.08): 
The amount of heat to raise one pound of air by 1°F is 0.24 BTU 
1 lb of air at ambient conditions occupies 13.34 cubic feet 
1lb air /minute: 13.34/60 = 4.5 
4.5 x .24 = 1.08 
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Normal CFM ratings on fan are inaccurate as the ratings are based on static air with no resistance. Ideally to 
determine the BTU output, an anemometer (a common tool used by HVAC technicians) would need to be used. 
Since one was not available the number here is the best estimate given the fan rating and guessing the system losses.  
The fan used in testing was rated at 100 CFM.  To be conservative, assuming 80% efficiency with losses for this 
calculation, it is assumed that the output CFM is in the range of 80 CFM. On a semi cloudy day in February at 
approximately 2pm the outlet temperature measured 150°F. The inlet temperature in this test was held constant 
(piped from interior of a thermally regulated building) at 68°F, therefore the ∆T = 82°F. For this model, it is 
assumed that this test represented average winter conditions in Colorado in terms of solar gain. 
Calculations: 
BTUH=1.08 x (80 ft3/min) x 82°F 
=7,085 BTUs per hour 
These calculations for the thermal output of the solar unit will be used in the following section to estimate cost 
savings for an average home and heating bill in Westwood. 
 
3. Savings Estimates 
Based on the thermal calculations above, the following calculations were done to estimate approximate savings 
for an average home in Westwood.  Estimates for the average size homes and heating bills in Westwood came from 
the promotoras (community leaders in the Westwood neighborhood) during a focus group meeting.   
Calculations: 
A typical 1200 ft2 home during the winter months uses approximately 300,000 BTUs per day for heating (US 
Department of Energy 2013). 
Depending on placement and orientation, this solar furnace can produce approximately 56,500 BTUs per day, 
assuming 8 hour sun exposure, which accounts for a 19% offset of heating load. 
One Therm (the unit energy companies use to bill) equates to 100,000 BTU.  In a typical month at 300,000 BTUs 
per day, a household will burn 90 Therms. The current cost (based on Xcel Energy bill April 2013) for a Therm is 
$.88.  Based on these assumptions, the solar furnace should reduce the Therm Load by about 17 Therms per month, 
saving approximately $15.13 a month. 
With an average heating bill in Westwood at about $190 per month, the solar furnace would provide about an 8% 
savings in monthly heating costs. 
This conservative monthly savings estimates that a household could pay for the $38 cost of the unit in roughly 
three months.  After three months, the units will begin to save the households money.  Over the estimated five-year 
lifespan of the unit, this would amount to $620.16  in profit (based on a seven month use-year).   These calculations 
were done as an example for the piloted version installed at Re:Vision’s office and used conservative estimates, such 
as the outlet temperature on a cloudy day.  With Colorado’s high frequency of sunny days, these estimates would 
likely be higher.  The same calculations were repeated using three sampled solar furnaces (of varying size) and 
estimates are based measurements made on both sunny and cloudy conditions days.  Figure 4 shows the results.  
Based on these estimates, an average sized unit could save households up to $20 on their monthly heating bills, 
saving $460 over the unit’s lifetime; a larger model could save close to $30 per month and $700 over its lifetime. 
3.1. Appropriate Design 
While the section above shares the projected in-pocket savings, non-monetary aspects of the project have been 
considered as well.  Additional, context-specific aspects such as technical appropriateness, health impacts, and 
business prospects will impact the overall costs and benefits of this design.  Non-monetary costs such as small 
amounts of maintenance time (e.g. for checking on hose connections), have been considered as an additional project 
cost.  With residents of Westwood often being busy with multiple jobs and childcare, regular maintenance may not 
be possible, and this design requires little regular maintenance.  With minimal maintenance, simplified and user-
specific connections, and basic training, this technological solution should minimize non-monetary costs to the 
community and be an appropriate solution.  
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Below is a discussion of the plans for implementation and next steps (including how the design information will 
be communicated with the community). At the writing of this paper initial communication has been made through a 
meeting with promotoras and the installation of a  demonstration solar furnace unit at Re:Vision’s Westwood office 
over a few days in April. 
 
 
 
 
 
Fig. 4. Monthly and lifetime estimated savings for solar furnace. 
3.2. Behavior Change Communication Plan 
For the selected stakeholders in the solar furnace project, ideal behavior change targets have been identified .The 
team has focused on working with the Promotoras and Re:Vision to develop community-specific strategies and 
methodologies for behavior change communication (BCC) and successful implantation of the solar furnaces within 
the Westwood community.  The BCC plan will follow the Fogg behavioral (Figure 5) change strategy model which 
suggests that three factors must converge for BCC to be effective: Motivation, ability and trigger. For this strategy 
the motivation can be assumed to be high heating expenses in Westwood, the ability is the capacity of the 
community to adopt, construct and implement the solar furnace technology and the trigger decided upon was to 
introduce the devices when the weather began to turn cold. The goal of this project is to see an acceptance of the 
technology by the community. Specifically, the project aims to see an adoption of the solar furnace technology by 
the promotoras, primarily through ReVision’s modelled use of the pilot unit.  The adoption of the technology would 
be recognized in the near future by an enthusiasm to pass flyers to community members, encouragement for 
planning and inviting community members to the trainings, and the acceptance of the loaner models. 
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Fig. 5. Fogg Behavior Model. 
4. Monitoring and Evaluation 
4.1. Logical Framework 
Monitoring and evaluation are key components in all projects for sustainable community development. In order 
for the solar heater to be successful long-term,  a monitoring and evaluation plan was developed to aid pilot design 
followed by a similar plan for the longer project.  Indicators, definitions, frequency of verification, source of 
verification, responsible party, targets and baseline information are all included in the monitoring and evaluation 
plan. The next steps for the solar furnace project in Westwood involve several different aspects. Long term, the 
project aims for community ownership of the solar furnace. To accomplish this, a workshop is planned to train the 
promatoras (who have now had the chance to see the loaner models effectiveness) on the construction and 
implementation of the devices. The workshop also will focus on imparting the skills to train community members on 
how to build the solar furnaces thereby encouraging the dissemination of knowledge to the community to empower 
them to take ownership  By the end of the loaner models and training sessions, the community of Westwood should 
be well-equipped to continue their use and operation of the solar heaters; therefore, leading to our logical exit 
strategy for this project. 
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